Abstract. Elemental, isotopic and charge state abundances provide valuable information about the source and acceleration mechanism of Coronal Mass Ejections (CMEs). Even though the kinetic properties of the plasma might be subject to changes because of dynamic effects occurring during the expansion of the CME, the composition of the solar wind remains unchanged after it leaves the low corona. Data from the Solar Wind Ion Composition Spectrometer (SWICS) on ACE are used to study the elemental and charge state composition of He, O, C, N, and Fe as well as the isotopic ratio of He during the very large CME of May 2-3, 1998. We find in this CME anomalously large enrichment of 3He++/nHe ++, He/O and Fe/O. During the 28 hour long cloud portion of the CME unusually cold material (4He + and very low charge state heavy ions) was observed together with hot (high charge state ions) and normal solar wind plasma.
the detailed compositional structure of various CMEs.
On 2-3 May 1998 a dense, extended CME was encountered by the ACE spacecraft, orbiting about the L1 point. (See Skoug et al. [1998] for the plasma parameters of this CME).
This CME was most likely the same as the 'halo' event detected by LASCO on SOHO on 29 April 1998 (see CME list posted by LASCO at http://lasco-www.nrl.navy. gov), and was probably associated with a long-duration M6.8 flare and possibly a prominence eruption.
As we discuss in this paper, the elemental and charge state composition of the 2-3 May CME is most unusual, and unlike any other recorded solar wind composition. The charge states of all elements measured extend over a broad spectrum, from very low to very high, indicating a wide range of temperatures which created these ions; the abundance of He and Fe are quite high compared to O; the 4He+/nHe ++ density ratio stays around one for many hours; even 3He is highly overabundant. We present these observations in the following section and in the final section, discuss their implications.
Observations
SWICS ] uses four techniques (electrostatic deflection, post-acceleration, time-of-flight, and total energy measurements) to uniquely determine the mass, M, the charge, Q, and the energy or speed of solar wind ions, of suprathermal tails on the solar wind, and of interstellar pickup ions. The SWICS instrument on ACE is essentially the same as its counterpart on Ulysses. However, unlike Ulysses, SWICS on ACE is typically a factor of 3 closer to the Sun, and the resulting increase in density yields substantially better statistics, such that the full composition can be determined every-•12 minutes. This increased sampling rate, combined with the substantially increased density and extended spatial extent of the 2-3 May CME, make it possible for the first time to obtain detailed compositional measurements of the solar wind in a significant CME. The multiple coincidence required for the measurements makes the background extremely low, which allows determination of the composition of rare minor ions. SWICS is especially well suited to measure solar wind 4He + and the isotopic helium ratio, 3He++/nHe ++, as described by Gloeckler' and Geiss [1998a] .
Shown in the top panel of Fig. 1 as a Mass vs. Mass/Charge matrix is the accumulated pulse height event data measured by SWICS for a 28 hour period beginning ,at 12:00 on 2 May (day 122). Clearly, the elemental and charge state abundances are well resolved. Despite some spill-over, the dominant peaks are plainly visible. The plasma parameters, such as bi- of O are typically 6 + and 7+; yet although these ions are present in this CME, there is also a significant contribution from 0 3+, N 3+ and C 2+ which should be created only in temperatures less than 0.2.106 K. Conversely, the charge states of Fe in the solar wind are typically around 9 +, 10 + and 11 +, characteristic of a million degree corona, and yet in this CME there is a significant contribution from Fe 16+, which requires a hot (-4.106 K) coronal plasma to be produced. abundance ofFe 16+, from presumably hot (-4.106 K) coronal regions, remains high throughout much of the CME; however, near noon on day 123, it suddenly disappears. This could be an indication of cool prominence material embedded within the CME. There are also general trends in the more common ions, 4He ++, O 6+, and Fe6+. The density of these ions, again relative to the average density of 4He ++, slowly increases throughout the CME, e.g., in the case of O 6+, rising by a factor of almost 10. Finally, the 3He++/4He ++ ratio is unusually high The average composition of the various elements in the CME plasma is given in Table 1 
Discussion
The elemental and charge state composition observed in the May 1998 CME is most unusual and contains relative abundances and charge states not seen before in the solar wind. In the case of a CME, the time history of the density and temperature can be more complicated. The initial density can be quite high, since the CME forms in the low corona. The initial temperature can be quite variable. If the CME forms by a sudden heating process, which increases the plasma pressure to where it overcomes the magnetic pressure and releases the CME, then the initial temperature is high, as are the charge states (e.g. F e 16+ could be formed). Conversely, if a prominence is embedded in the initial CME, the initial temperature and accompanying charge states could be low. The subsequent evolution of the CME could also be quite complicated and variable. The CME should expand rapidly in three dimensions and presumably cool adiabatically. The final charge states are then a function of the initial density and temperature, and their subsequent time evolution, and depending on how these parameters interplay with the ionization and recombination rates of the various ions, many different charge state distributions can result. Detailed modeling of the evolution of the charge states is currently underway. Finally, one very distinguishing feature of this CME is the long duration of the unusual composition (see Fig. 3 ), indicating the coexistence of material formed in cold, hot and normal temperature regions in the corona. This is in contrast for example, to the January 1997 CME studied in some detail by Burlaga et al. [1998] , who found high (0.01)4He+/4He ++ ratios, 0 5+ and Fe 5+ only in the few hour long high-density region associated with a prominence embedded in the CME. Undoubtedly, studying the anomalous composition seen in many CMEs is important for developing a comprehensive understanding of mechanisms by which these interesting solar phenomena form and evolve.
